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SPECIFICATION 

TITLE 

•MULTILAYER COEXTRUDED MATERIAL FOR 
MEDICAL GRADE PRODUCTS AND PRODUCTS MADE THEREFROM 
5 BACKGROUND OF THE INVENTION 

The present invention relates generally to medical 
products and compositions for making same. More 
specifically, the present invention relates to. non-PVC 
material and medical tubing made therefrom. 

10 It is known to use closures for blood containers and 

IV containers that consist of membrane tubes. In this 
regard, once a drug container is filled through an open- 
ended filling port, a membrane tube closure is coated 
with a solvent, such as cyclohexanone, and inserted into 

15 a fill port tubing. During this process, a chemical bond 
is achieved between the fill port and the membrane tube 
closure. When it is desired to access the container, an 
end user pierces the membrane, in the tube, to allow drug 
administration or other access to the container. 

20 Typically, such a medical membrane tubing is 

constructed from plasticized polyvinyl chloride (PVC) . 
Usually, the PVC is plasticized with DEHP. 

Recently, there has been concern with respect to the 
use of DEHP plasticized PVC. DEHP has been alleged to 

25 be a suspected carcinogen. However, the characteristics 
that are afforded by plasticized PVC are very desirable 
especially in the medical area and for uses such as in 
a membrane tube closure for a container. 

In this regard, such medical tubings should exhibit 

30 certain characteristics. It is desirable that the tubing 

can be solvent bonded to a PVC container as well as 
containers constructed from other alloys. It is also 
desirable that the tubing is RF sealable to form membrane 
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tube closures so as to' be usable with current 
manufacturing equipment. 

Additionally, the materials should be autoclavable 
without cross-linking at 121°C. Further, it would be 
desirable if the tubing was compatible with currently 
used manufacturing machines. Moreover, the material 
should be sterilizable via either ETO or gamma 
sterilization processes. Likewise, in order to be a 
usable membrane tube closure, the material must be easy 
to pierce during drug administration and allow the spike 
to be removed after the drug is administered. 
Additionally, it is desirable that the scrap is 
recyclable for further use. 

Although there are other components in the art from 
which, arguably, medical tubing could be created, each 
of these components suffers disadvantages. Most 
importantly, the resultant product does not have the same 
desirable characteristics as a plasticized PVC product. 

For example, flexible polyester is not as RF 
responsive as is plasticized PVC. Aliphatic polyurethane 
is not autoclavable. Further, such tubings, due to their 
characteristics, cannot be used on currently available 
commercial machinery in, for example, a blood collection 
system. 

U.S. patent application Serial No. 07/270,006, filed 
November 14, 1988, discloses. a citrate ester and a non- 
PVC material. U.S. patent application Serial No. 
07/494,045, filed May 15, 1990, is a divisional 
application to that patent application. Both of these 
applications are assigned to the assignee of the present 
invention. 

U.S. patent application Serial No. 07/636,337, filed 
December 31, 1990, and assigned to the assignee of the 
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present invention, relates to a medical grade tubing 
comprising a blend of polyurethane and polyester, and the 
resultant tubing being autoclavable and RF sealable. A 
continuation-in-part to that patent application, U.S. 

5 Serial No. , is being filed on the same day as 

this patent application. 

SUMMARY OF THE INVENTION 
The present invention provides a non-PVC, non-DEHP 
10 material that can be used for medical grade tubing. 

Additionally, the present invention provides medical 
grade tubing made from such a material. 

The resultant tubing of the present invention, 
exhibits the characteristics that are desirable for 
15 medical grade tubing. These characteristics include 

being RF responsive to form membrane tube closures with 
present manufacturing equipment. The material is solvent 
bondable to itself, as well as plasticized PVC. The 
material can be autoclaved without cross-linking at 
20 121°C. The scrap is recyclable for future use. 

The material can be sterilized via steam, gamma, E 
beam, or ETO sterilization processes. The material, when, 
it forms a membrane, is easy to pierce during drug 
administration. Additionally, it is easy to remove a 
25 spike from the tubing after the drug is administered. 
Further, the tube is flexible and contact clear. 

Additionally, an advantage of the material is that 
it is a multilayer coextruded tubing that does not 
contain PVC or plasticizer. 

To this end, the present invention provides a 
medical grade tubing comprising a multilayer coextruded 
structure including: a layer comprising a blend of 
polyurethane and polyester; and at least a layer. 



30 
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comprising a blend chosen from the group consisting of: 
polypropylene, ethylenevinyl acetate, and polyurethane; 
polypropylene and styrene-ethylene-butylene-styrene; 
polypropylene, styrene-ethylene-butylene-styrene, and 
5 ethylenevinyl acetate; polypropylene,, ethylenevinyl 
acetate., ■ styrene-ethylene-butylene-styrene , and 
thermoplastic polyester elastomer; polypropylene, 
ethylenevinyl acetate, styrene-ethylene-butylene-styrene, 
thermoplastic polyester elastomer, and polyurethane; 

10 polyester, thermoplastic polyester elastomer, and 

polyurethane; polyester and polyurethane; and 
polypropylene, styrene-ethylene-butylene-styrene, ■ and 
polyurethane. 

In an embodiment, the multilayer coextruded 

15 . structure comprises: a first layer comprising a blend 
of polypropylene, ethylenevinyl acetate, and 
polyurethane; and a second layer comprising a blend of 
polyurethane and polyester. 

In an embodiment,- the multilayer coextruded 

20 structure comprises: a first layer comprising a blend 
. of polypropylene and styrene-ethylene-butylene-styrene ? 
a second layer comprising a blend of polyurethane and 
polyester; and a tie layer between the first and second 
layer. 

25 In an embodiment, the multilayer coextruded 

structure comprises: a first layer comprising a blend 
of polypropylene, styrene-ethylene-butylene-styrene, and 
ethylenevinyl acetate; a second layer comprising a blend 
of polyurethane and polyester; and a tie layer between 

3 0 the first and second layers. 

In an embodiment, the multilayer coextruded 
structure comprises: a first layer comprising a blend 
of polypropylene, ethylenevinyl acetate, and 
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polyurethane; a second layer comprising a blend of 
polyurethane and polyester; and a tie layer between the 
first and second layers. 

In an embodiment, the multilayer coextruded 
5 structure comprises: a first layer comprising a blend 

of polyester and polyurethane; a second layer comprising 
a blend of polypropylene, ethylenevinyl acetate, and 
polyurethane; and a third layer comprising a blend of 
polyester and polyurethane. 

10 In an embodiment, the multilayer coextruded 

structure comprises: a first layer comprising a blend 
of polyester, thermoplastic polyester elastomer, and 
polyurethane; a second layer comprising a blend of 
polypropylene, ethylenevinyl acetate, and polyurethane; 

15 and a third layer comprising a blend of polyester and 

polyurethane. ' 

In an embodiment, the multilayer coextruded 
structure comprises: a first layer comprising a blend 
of polypropylene, ethylenevinyl acetate, styrene- 

20 ethylene-butylene-styrene, and thermoplastic polyester 

elastomer; a second layer comprising a blend of 
polypropylene, ethylenevinyl acetate, and polyurethane; 
and a third layer comprising a blend of polyester and 
polyurethane. 

25 In an embodiment, the multilayer coextruded 

structure comprises: a first layer comprising a blend 
of polyester and polyurethane; a second layer comprising 
a blend of polypropylene, styrene-ethylene-butylene- 
styrene, and polyurethane; and a third layer comprising 

30 a blend of polyester and polyurethane. 

In an embodiment, the multilayer coextruded 
structure comprises: a first layer comprising a blend 
of polyester, thermoplastic polyester elastomer, and 



WO 93/15908 



PCT/US93/00594 



- 6 - 



polyurethane; a second layer comprising a blend of 
polypropylene, styrene-ethylene-butylene-styrene, and 
polyurethane; and a third layer comprising a blend of 
polyester and polyurethane. 
5 In an embodiment, the multilayer coextruded 

structure comprises: a first layer comprising a blend 
of polypropylene, ethylenevinyl acetate, styrene- 
ethylene-butylene-styrene, and thermoplastic polyester 
elastomer? a second layer comprising a blend of 

10 polypropylene, styrene-ethylene-butylene-styrene, and 

polyurethane; and a third layer comprising- a blend of 
polyester and polyurethane. 

In an embodiment, . the multilayer coextruded 
structure comprises: a first layer comprising a blend 

15 of - polypropylene, ethylenevinyl acetate, . styrene- 

ethylene-butylene-styrene, and thermoplastic polyester 
elastomer; a second layer comprising a blend of 
polypropylene , styrene-ethy lene-buty lene-styrene , and 
polyurethane; and a third layer comprising a blend of 

2 0 polyester and polyurethane. 

Additional features, and advantages of the present 
invention are described in, and will be apparent from, 
the detailed description of the presently preferred 
embodiments and from the drawings. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a container containing an 
embodiment of a medical grade tubing of the present 
invention. 

Figure 2 illustrates a. perspective view of a tubing 
30 and membrane constructed pursuant to the present 

invention. 
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DETAILED DESCRIPTION 
OF THE PRES ENTLY PREFERRED EMBODIMENTS 
A non-PVC, non-DEHP coextruded multilayer material 
is provided for medical grade tubing. The material 
5 comprises a multilayer structure having at least one 
layer comprising a blend of polyurethane and polyester. 
The resultant tubing exhibits desirable characteristics 
for use as a medical grade tubing. 

Accordingly, the resultant tubing can be utilized 
10 for applications which heretofore have been filled in the 
marketplace by DEHP plasticized PVC tubing. 
Additionally, the material of the present invention is 
extrudable, injection moldable, and blow moldable. 
Because it is a non-PVC, non-DEHP material, it eliminates 
15 ^ the environmental concerns of acid rain and the alleged 
carcinogenic concerns of DEHP. 

It has been found that the resultant tubing of the 
present invention can be solvent bonded to itself and 
also to PVC material that is currently utilized by using 
20 cyclohexanone. Additionally, the tubing is RF sealable 

allowing the tubing to create a membrane closure. 
Furthermore, the material can be sterilized using steam, 
gamma, E beam, or ETO sterilization processes. 

As set forth in detail hereinafter, a variety of 
25 different structures can be created pursuant to the 
present invention. All of the structures, however, 
include a multilayer structure having at least one layer 
comprising polyester and polyurethane. To this end, the 
following structures can be utilized, each structure 
30 being a multilayer coextruded structure: 

Polypropylene + ethylenevinyl acetate + 
polyurethane/polyester + polyurethane; 
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Polypropylene + styrene-ethylene-butylene- 
styrene/polypropylene + ethylenevinyl acetate +• styrene- 
ethylene-butylene-styrene + copolyester/polyester + 
polyurethane; 

5 Polypropylene + styrene-ethylene-butylene-styrene. 

+ ethylenevinyl . acetate/polypropylene + ethylenevinyl 
acetate + styrene-ethylene-butylehe.-styrene + 
copolyester/polyester + polyurethane? 

Polypropylene +■■ ethylenevinyl acetate + 
10 polyurethane/polypropylene + ethylenevinyl acetate ' + 
styrene-ethylene-butylene-styrene + copolyester/polyester 
+ polyurethane; 

Polyester + polyurethane/polypropylene + 
ethylenevinyl acetate + polyurethane/polyester + 
15 polyurethane; 

Polyester +.. thermoplastic polyester elastomer + 
polyurethane/polypropylene + ethylenevinyl acetate + 
polyurethane/polyester + polyurethane? 

Polypropylene + ethylenevinyl acetate + styrene- 
20 ethy lene-buty lene-styrene + thermoplastic 

elastomer/polypropylene . + ethylenevinyl acetate + 
polyurethane/polyester + polyurethane? 

Polypropylene + ethylenevinyl acetate + styrene- 
ethylene-butylene-styrene + thermoplastic polyester 
25 elastomer + polyurethane/polypropylene + ethylenevinyl 

acetate + polyurethane/polyester + polyurethane; 

Polyester + polyurethane/polypropylene + styrene- 
ethylene-butylene-styrene + polyurethane/polyester + 
polyurethane; 

30 Polyester + thermoplastic polyester elastomer + 

polyurethane/polypropylene + styrene-ethylene-butylene- 
styrene + polyurethane/polyester + polyurethane; 
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Polypropylene + ethylenevinyl acetate + styrene- 
ethylene-butylene-styrene + thermoplastic polyester 
elastomer/polypropylene + styrene-ethylene-butylene- 
styrene + polyurethane/polyester + polyurethane; 

Polypropylene + ethylenevinyl acetate + styrene- 
ethylene-butylene-styrene + thermoplastic polyester 
elastomer + polyurethane/polypropylene + styrene- 
ethylene-butylene-styrene + polyurethane/polyester + 
polyurethane. 

In the above structures, the first blend refers to 
the outer layer and the last blend refers to the core or 
inside layer. 

Preferably, the layers have the following 
thicknesses: outer layer approximately .004 to about 
15 * 006 inches; tie layer approximately .001 to about .003 

inches; and core layer approximately .025 to about .030 
inches. 

By way of example, and not limitation, examples of 
the present invention will now be set forth. 
20 EXAMPLE 

In this Example, membrane tubes were constructed 
using the multilayer structures of the present invention 
and were compared to current PVC membrane tubes. 

The initial and final measurements for each 
25 dimension for the assembly system were reviewed. Also, 

nine final product tests were conducted; they were as 
follows: 1) Final Membrane Thickness (after RF 
operation); 2) Membrane Break Force; 3) Leak Testing? 4) 
Spike Insertion Force? 5) Spike Removal Force; 6) Peel 
30 Testing of Membrane? 7) Solvent Bond Testing; 8) Pinch 
Cap Application; and 9) Sleeve Stopper Application. 
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The tests that were performed are as follows: 

1) Membrane Thickness - After RF operation. A 
membrane thickness is measured by drop gauge or caliper 
which, predicts the functionality of membrane tube 

5 assembly, such as RF sealability, ease of spiking, stand 

against pressure leak. test within required limit. 

2) and 3) Membrane Break Force, Leak. Test - After 
manufacturing. The membrane tube assembly (selected 
sample size) will be challenged under pressure from 15 

10 psi to failure. The test result will determine seal 

integrity, also strength of seal and membrane to stand 
autoclaving pressure. 

4) Spike Insertion - A spike is mounted on special 
designed fixture with gauge. This test will detect how 

15 much force is required to puncture the membrane based on 
test results. A prediction can be made for actual usage 
in the field. 

5) Spike Removal Force - Units used in the spike 
insertion test were also measured for spike removal force 

20 for each of the ten parts. 

6) Peel Test - is an. indication of true heat seal 
bond between the membrane and membrane tube. If RF heat 
seal process is not within the processing window, the 
membrane may peeled off during autoclaving. A peel test 

25 was conducted on the membrane tube. The membrane tube 

was cut lengthwise. The membrane was grabbed by needle, 
nose pliers and attempted to be peeled from the tube. 
It was then noted if the membrane: 1) peels the seal; 2) 
tears at the seal; or 3) tears elsewhere. 

30 7) Solvent Bond Test - which will determine the 

solvent seal integrity between membrane tube and fill 
port during filling. A bag is filled with solution 
through fill port. As filling is completed, a membrane 
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tube is attached to fill port via solvent. Cyclohex 
solvent was used in this test to determine if the 
membrane tube can be solvent bonded into the port tube. 
The membrane tube was inserted, with cyclohex, half-way 
into the port tube. PVC membrane/port tube assemblies 
were also made. Units were sterilized in a prototype 
autoclave vessel. 1/2 hour heat with 1/2 hour 
overpressure. Both sets of assemblies were tested by 
cutting the assembly lengthwise, and measuring the peel 
force between the interface using an Instron machine. 
These tests were conducted at: 1) l minute after 
assembly; 2) 1 hour after assembly; and 3) 24 hours after 
assembly. 

8) Pinch Cap Application - The pinch cap is being 
used over the membrane tube assembly as a tip protector. 
The purpose of this test was to determine whether the 
present pinch cap is compatible with the membrane tube 
assembly or (made from new material) not. Ten pinch caps 
were applied using 70% ISO (isopropyl alcohol) and water, 
and ten without ISO and water. Units were then 
sterilized in a prototype autoclave vessel, 1/2 hour heat 
with 1/2 hour overpressure. Units were leak tested and 
removal force of pinch cap was measured. 

9) Sleeve Stopper Application - In a Baxter 
Healthcare system, the sleeve stopper is used as an 
injection site over membrane tube assembly for 
administration of drug or solution into the filled 
container. Ten sleeve stoppers were applied including 
the shrink band. Units were then sterilized in 1/2 hour 
heat with 1/2 hour overpressure. Units were leak tested. 
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Power 


Time . 


Membrane Thickness 




0-100 


1-2 Seconds 


.001"-. 015" 


A r 


20 


1.5 


.008 


B = 


20 


2.0 


.008 


C = 


30 


1.0 


.008 


D =. 


40 


• 1.0 


,008 


E = 


40 


1.5 


.008 


F = 


50 


1.0 


.008 


Grouo A - F 







Each group 'A' through ! F' identifies the heat seal 
condition of RF heat seal process. The material of the 
membrane tube assembly is polypropylene + styrene- 
ethylene-butylene-styrene/polyprbpylene + ethylenevinyl 
15 acetate + styrene-ethylene-butylene-s.tyrene .+ 

thermoplastic polyester elastomer/PCCE + polyurethane in 
, each group. For example, in Group 'A 1 , ppwersetting - 
20, heat seal time - 1.5 seconds, membrane thickenss - 
.008". The test results of each group was compared with 
20 . present PVC membrane tube. 
RESULTS : 

.1) Final Membrane Thickness - The final membrane 
thickness varied for all size RF process set-ups. Again, 
the initial settings are for .008" thick. Averages for 
25 each set up are listed below for each group. 

A B C D E F 

.0088" .0083" .0095" . .0088" .0109" .0064" 
2) Membrane/Break Force - The average break force 
for PVC was 8.69 lbs. and the average elongation was .3 08 
30 inches. The range of break" force for the compositions 

of the present invention was 8.66 lbs. to 21.14 lbs. The 
average for each group is listed below: 
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Group A B C D E F 

lbs. 11.51 13.65 15.65 15.13 17.42 11.39 
Elong. .333" .404" .426" .427" .449" .395" 

3) Leak Test - Pressure test (to test the membrane 
5 disk/membrane tube interface) . Results are listed below. 
Group A B C D E F 

Leakers 0/10 0/10 0/10 0/10 0/10 0/10 
All units in each group passed the required 8 psi air 
leak test. 

10 4) Insertion - The average spike insertion force 

for PVC (10 units tested) is 3.182 lbs. The average 
spike insertion force for the compositions of the present 
invention is 5.696 lbs. Note: Group E was used for the 
test comparison of Insertion force. 

15 5) Removal - The average spike removal force for 

PVC (10 units tested) is 2.450 lbs. The average spike 
removal force for the compositions of the present 
invention is 5.696 lbs. Note: Group E wa used for the 
test comparison of removal force. 

20 6) Peel Test - The results of the peel test are 

listed below for each group. 

peeled @ seal tore @ seal tore elsewhere 



Group A 3/10 3/10 4/10 

Group B 0/10 1/10 9/10 

25 Group C 3/10 2/10 5/10 

Group D 0/10 3/10 7/10 

Group E 2/10 1/10 7/10 

Group F 0/10 2/10 8/10 
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7) .Solvent Bond Test - 

A) Bond Time - 

PVC 

8.1 minute 0/10 failed 
@ 1 hour : 0/10 failed 
@ 24 hours 0/10 failed 

B) Bond Force (peel test) 



PCCE+PU 
9/10 failed 
0/10 failed 
0/10 failed 
: Average for 8 



units 
up. 



Note: 2 units were sacrificed in the test set- 



10 PVC PCCE+PU 

. 3.305 lbs, 6.467 lbs. 

Note: For PCCE+PU material,. force was much higher when 
membrane of membrane tube was located near or inside of 
port tube. 

15 8) Pinch Cap - Much deformation was. found on both 

the PVC and the composition of the present invention 
following sterilization. It was understood that the 
sterilizer exhibits or exceeds a worst case condition. 
However, units were still tested for leakage and removal 

2 0 force. 

A) Leakage: 

Compositions 
Pursuant to 
The Present 
25 Invention 
• PVC with ISO 

0/5 1/10 



Compositions 
Pursuant to 
The Present 
Invention 
without ISO 
0/10 
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B) Removal force (average) : 

Compositions Compositions 
Pursuant to Pursuant to 
The Present The Present 
Invention Invention 

PVC with ISO without ISO 

.250 1.549 1.323 

9) Sleeve Stopper - 

Leak testing - 

PVC: 0/10 failed 

Compositions Constructed 

Pursuant to the Present Invention: 0/10 failed 
The test results demonstrate that the membrane tube 
assembly made of PCCE+PU alloy performed as well as 
presently used PVC membrane tube assemblies. However, 
by reducing membrane thickness, the break force should 
be reduced as well as elongation. By reducing membrane 
tube wall thickness, insertion and removal force of the 
spike should be reduced. The membrane diameter should 
be decreased to approximately .018" to help the insertion 
of the disk into the membrane tube for the RF operation. 

Figure 1 illustrates a medical grade container 10 
and set 12 including a tubing 14 fabricated from the 
material of the present invention. The container 10 can 
be constructed from PVC or other material. The tubing 
14 of the present invention is constructed from the 
composition of the present invention that allows the 
tubing to be solvent bonded to the container 10. 
Additionally, the material allows the product to be 
autoclaved. Also, the formulations can be used for 
creating a tubing 20 and membrane 22 as illustrated in 
Figure 2. 
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It should be understood that various changes and 
modifications to the presently preferred embodiments 
described herein will be apparent to. those skilled in the 
art. Such changes and modifications can be made without 
departing from the spirit and scope of the present 
invention and without ' diminishing its attendant 
advantages. It is therefore intended that such changes 
and modifications be covered by the appended claims. 



10 
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WE CLAIM! 

1. A medical grade tubing comprising a multilayer 
coextruded structure including a layer comprising a blend 
of polyurethane and polyester and at least a layer 

5 comprising a blend chosen from the group consisting of: 
polypropylene, ethylenevinyl acetate, and polyurethane; 
polypropylene and styrene-ethylene-butylene-styrene; 
polypropylene , styrene-ethylene-butylene-styrene , and 
ethylenevinyl acetate; polypropylene, ethylenevinyl 

10 acetate, and polyurethane; polypropylene, ethylenevinyl 

acetate , styrene-ethylene-butylene-styrene , and 
thermoplastic polyester elastomer; polypropylene, 
ethylenevinyl acetate, styrene-ethylene-butylene-styrene, 
thermoplastic polyester elastomer, and polyurethane; 

15 polyester, thermoplastic polyester elastomer, and 

polyurethane; polyurethane and polyester; and 
polypropylene , styrene-ethylene-butylene-styrene , and 
polyurethane, 

2. The medical grade tubing of Claim 1 wherein the 
2 0 • multilayer coextruded structure comprises: 

a first layer comprising a blend of polypropylene, 
ethylenevinyl acetate, and polyurethane? and 

a second layer comprising a blend of polyurethane 
and polyester, 

25 3. The medical grade tubing of Claim 1 wherein the 

multilayer coextruded structure comprises: 

a first layer comprising a blend of polypropylene, 
styrene-ethylene-butylene-styrene; 

a second layer comprising a blend of polyurethane 
30 and polyester; and 

a tie layer between the first and second layer. 
4. The medical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 
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a first layer comprising a blend of polypropylene, 
styrene-ethylene-butylene-styrene, and ethylenevinyl 
acetate; 

a second layer comprising a blend of polyurethane 
5 and polyester? and 

a tie layer between the first and second layers. 

5. The medical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 

a first layer comprising a blend of polypropylene, 
10 ethylenevinyl acetate, and polyurethane; 

a second layer comprising a blend of polyurethane 
and polyester; and 

a tie layer between the first and second layers. 

6. The medical grade tubing of Claim 1 wherein the 
15= multilayer coextruded structure comprises: 

a first layer comprising a blend of polyester and 
polyurethane; 

a second layer comprising a blend of polypropylene, 
ethylenevinyl acetate, and polyurethane? and 
20 a third. layer comprising a blend of polyester and 

polyurethane. 

7. The medical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 

a first layer comprising a blend of polyester, 
25 thermoplastic polyester elastomer, and polyurethane? 

a second layer comprising a blend of polypropylene, 
ethylenevinyl acetate, and polyurethane; and 

a third layer comprising a blend of polyester and 
polyurethane. 

30 8. The medical grade tubing of Claim 1 wherein the 

multilayer coextruded structure comprises: 
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a first layer comprising a blend of polypropylene, 
ethylenevinyl acetate, styrene-ethylene-butylene-styrene, 
and thermoplastic polyester elastomer; 

a second layer comprising a blend of polypropylene, 
5 ethylenevinyl acetate, and polyurethane; and 

a third layer comprising a blend of polyester and 
polyurethane. 

9. The medical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 

10 a first layer comprising a blend of polyester and 

polyurethane ; 

a second layer comprising a blend of polypropylene, 
styrene-ethylene-butylene-styrene, and polyurethane; and 
a third layer comprising a blend of polyester and 
15 polyurethane. 

10. The medical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 

a first layer comprising a blend of polyester, 
thermoplastic polyester elastomer, and polyurethane; 
20 a second layer comprising a blend of polypropylene, 

styrene-ethylene-butylene-styrene, and polyurethane; and 

a third layer comprising a blend of polyester and 
polyurethane. 

11. The medical grade tubing of Claim 1 wherein the 
25 multilayer coextruded structure comprises: 

a first layer comprising a blend of polypropylene, 
ethylenevinyl acetate, styrene-ethylene-butylene-styrene, 
and thermoplastic polyester elastomer; 

a second layer comprising a blend of polypropylene, 
30 styrene-ethylene-butylene-styrene, and polyurethane; and 

a third layer comprising a blend of polyester and 
polyurethane. 
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12, The inedical grade tubing of Claim 1 wherein the 
multilayer coextruded structure comprises: 
*. ■ ■ a first layer comprising a blend of polypropylene, 

ethylenevinyl acetate, styrene-ethylene-butylene-styrene, 
5 and thermoplastic polyester elastomer; 

a second layer comprising a blend of polypropylene, 
styrene-ethylene-butylene-styrene, and polyurethane; and 
a third layer comprising a blend of polyester and 
polyurethane* 

10 13. The medical grade tubing of claim 1 wherein the 

multilayer coextruded structure comprises: 

an outer layer having a thickness of approximately 
.004 to about .006 inches; 

a tie layer of approximately .001 to about .003; and 
15 a core layer of approximately .025 inches to about 

.030 inches. 

14. A non-PVC, , non-DEHP material for use in 
manufacturing medical grade tubing comprising a 
multilayer coextruded structure comprising: 

20 a layer including a blend of polyurethane and 

polyester; and 

at least a second layer comprising a blend chosen 
from the group consisting of: polypropylene, 
ethylenevinyl acetate, and polyurethane; polypropylene 

25 and styrene-ethylene-butylene-styrene ; polypropylene, 

styrene-ethylene-butylene-styrene, and ethylenevinyl 
acetate; polypropylene, ethylenevinyl acetate, and 
polyurethane; polypropylene, ethylenevinyl acetate, 
styrene-ethylene-butylene-styrene , and thermoplastic 

30 polyester elastomer; polypropylene, ethylenevinyl 

acetate, styrene-ethylene-butylene-styrene, thermoplastic 
polyester elastomer, and polyurethane; polyester, 
thermoplastic polyester elastomer, and polyurethane; 
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polyester and polyurethane; and polypropylene, styrene- 
ethylene-butylene-styrene, and polyurethane. 

15. A container including a medical grade tubing, 
comprising: 

a container constructed from a plastic material; and 
a multilayer coextruded structure including a layer 
comprising a blend of polyurethane and polyester and at 
least one layer comprising a blend chosen from the group 
consisting of: polypropylene, ethylenevinyl acetate, and 
polyurethane; polypropylene and styrene-ethy lene- 
butylene-styrene ; polypropylene , styrene-ethy lene- 
butylene-styrene , and ethylenevinyl acetate ; 
polypropylene, ethylenevinyl acetate, and polyurethane? 
polypropylene, ethylenevinyl acetate, styrene-ethy lene- 
butylene-styrene, and thermoplastic polyester elastomer; 
polypropylene, ethylenevinyl acetate, styrene-ethy lene- 
butylene-styrene, thermoplastic polyester elastomer, and 
polyurethane; polyester, thermoplastic polyester 
elastomer, and polyurethane; polyurethane and polyester; 
and polypropylene, styrene-ethy lene-butylene-styrene, and 
polyurethane. 
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